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SUMIAY

PROBLEM

Previous reclmaution tests of the removal of fallout simulant by
firehosing still left several areas requiring further study. First, the
latest tests on asphalt streets (In 1963) were not conducted at a large
enough scale to either reveal certain important operational effects or
to provide exposure-rate history data for deriving RN2 factors. Second,
results from earlier tests indicated that the NRDL experimental flare
nozzle showed considerable promise for the reclamation of' paved, surfaces
- as well as roofs. However, data from preliminary test runs on pave-
ment were extremely limited and sketchy. Third, all meaningful roof
data had been obtained from only two types of surfaces - tar ard gravel
and composition shingles. A need existed for studying other materials
and for measuring the effects of simulant particle size on firehosing
removal effectiveness. In order to meet these requirements a three
phase experimental operation was initiated.

FINDINGS

Three separate experiments were performed at different~kcales of
operation. In all cases, sand tagged with radionuclide La* was
dispersed over the test surfaces to simulate fallout conditions. The
scope of the test is tabulated below in terms of the mass loadings used.

Scale of Test Test Surface Nozzle Nominal Mass Loading (g/ft2)

TyPe Particle Size jn
-- _____ _-_77___300-60

Engineering Pavement Flare 5,25, & 100 5 & 25
Full Pavement Fire 25 & 100 5 & 25
Limited Roofs Flare 12,25,50, & 100 5 & 25
Enginecri ng and

Fire 12,25,50, & 100 5 & 25
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The findings are as follows:

In general, it may be concluded for both asphalt pavements and
roofing materials that-:

1. Effectiveness of reclamation by firehosing improves as surface
roughness decreases.

2. Larger (300-600 a particle sizes are more easily removed than
the smaller (p8-1T( p) particle sizes.

3. Removal effectiveness improves with effort, but the residual
mass is not significantly reduced after the second pass.

4. The effect of mass loading upon firehosing effectiveness is not
predictable because it varies with surface roughness, particle size and
nozzle design.

During the engineering-scale tests on asphalt, the flare nozzle
failed to exhibit a reclamation performance that was consistently
superior to the standard fire nozzle for a signifJ cant number of the
combinations of mass loading and particle size tested.

The full-scale tests on asphalt showed that operational factors
prevent the reclamation effectiveness from ever equaling that achieved
at an engineering scale - no matter how much effort is expended. From
the exposure rate histories it was found that the exposure reduction
factor (IIN ) for either the nozzle man or the vehicle operator is not
significan~ly influenced by pavement surface roughness, fallout
particle size or mass loading.

The roof firehosing tests demonstrated the superiority of the
flare nozzle as a recluimation tool. FibergJ1os showed great potential,
as a durable, easy-to-clean roofing material.
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PURPIOSE AND OWECTIVES

Thlo report dercriboo three separate reclamation experimento that
employed firchoolng as the fallout removal method. Two of the fire-
honing experiments were on auphalt streets and conclude the test series
started in 1963. The third experiment involved the reclamation of roof-
Ing minteriala and is a renewal of earlier invontig.ations conducted by
this laboratory at Sen Bruno in 1952 and aGain at Cmnp Stoneman In 1956
and 1953.

The work porforied in 1963 studied the effects of fallout particle
size, mass loading, effort expended and removal rate upon the performance
of firebosing on contamuinated asphalt atreetq. Although complete il
theinelves the testrs were not, condcutod at a large euough Bcale to
either fully observe and documient operational effects or to obtain the
measurements neected for determining, exposure reduction factoro - RN2values.

Results from teots it Stonemain II demonstrated the advantages of an
experimental flare nozzle which proved to be an effective as the standard
fire nozzle on roofs. More important, the flare nozzle required about
25 % lens water por square foot of roof surfface cleaned and was less
fatiguing to manipulate than the fire nozzle. These two advantarlcs
niade the flcre nozzle worth considering as a tool tor the reclamation
of paved areas.

Although a nvmber of firchosing tests have been performed on roo s,
they have been confined lar•ely to only two types of surface - tar and
gravel and composition shingles. In addition, these tests were nou

deindto dccCin +,~,','-''~'"~~

er'rectivenetv;. Thus, ]nowlekge of roof reclamation needed updntint•, .n
olxler to attain a st.atus ,o0mpnal'abe tO that of paveiiont recaminat ion.

In the interest of conserving time and making the most of the
ovovl.ab3e equTipment and supplies, a three-phase experlimental operation
was planned. Each phase was designed to satisfty one of the aforementioned
re quirements.

The objectives of Lhe three phases were as follows:

Phase 1. To conduct engiuecring-scale tests of the NRDI, flare
nozzle on osphalt paivement for compar.i son wi th previous testsi with
standard fire hoiz)e.

-Phase 2. To obseve the operetional problems and to record the

exposure rate histories of reclamation crews during the full -scale
:l -ehositng tests on asphalt paveicnt.
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I'hOfi 3. ITo comiIpare tlhc oelli-ngi ot'1'ectveivcnnr of thu f~ive nozlQe
arnd the- flare nozzle on sclectud voortiij,ý ma~terils~ at Ck liniitted Cllff-
flcrlinig Gnole.

The offtecto of masse londintg and particle ni'te wnere stmdiml inl
connection with ench of the thrree. plin~esi.

Ube, three nrlinro~ ox~rlmt~ientr- wo conductedI at differen sealuot
of operation. TIhe neope of tht: testa In tEwhvao1.d bolow In tc'nmr fit~' 1-11A
maIss lotadlnt uved.

Berde½ of Tient Toot Surface NO Zzle1 Nomninal. Muse Loading. (i•/ft p)
Tvpe PKirtiole Size Ikaijae

88-1,77 11 300-600

Engineering Pavement Plarc 5,2), & 200 5 & 25
FL 1Povemeint Fire P5 Fk 100 5 &25

Limited ROON M Ia ro 12,215,50, P, 300 5 & 5
Engineeringu and

Firo 1212550,ý & 100 5 & 25

The three ncal~es of experirncntation indicated It, the taible tire
defined belaw:

iG less that) 2000 ý*iTýbt utill large enowv,-h to pcriut tiie realis~ti~c
application of £uln~dreelamatIon equipinent. In this easie the tent
aren coinpriscct x nhort csection of' street included butwveen the center
li1ne ond one curb. This permnitted direct co-mi rin on vith prevtous

eng~~-nc).etentoi

b. DuL1 Scale - testing, 0 complete Largot componient nuL'ficlent1l'
greater than ,20-00 ft 2- to obtainl opernilonal information includingw
estimutVo oC recovery crew exposurc. The ILull curb-to-curb Width of' a

6tsroet extciidiniiLithe eqjuivalent; or one- city )14ocIk was used.

thtC. -411e nEii- nev -. lit; Scale - shidll}Qr to Et-wineering, Sc1c except
thhta t ~urface irs Ji'lited to 500 ft~ or lease. Only a fraction

of the surfaces for the roof tesUn was inistrumfentod, GinIce it War, 11t
t'oasible 'to coustrutct entire roof i;c,,tionoa of' each) iflLeria-l tested.
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FIN~DING,;

In comparing~ the trfactc or no& o lc-tn on Virohorintc of ar-phrdti
pavoinont, whe performannce of the -i-aiv no.zlie suiirasztei tihnL of, tile I re
nozzle In tho r'emoval of thc smdl~cr siz~ed pwu'ticlor . d-V ti) ftmd then
only tit mans3 loadinegs signtficantiLy loran thain 100 f't.Fue Wic rci-
niaining te~t condltiona or thin phot8c, thie Fire ncMrzlc vfi3 epirnl or'
Superior to 010 Untre nozz-10

DoBo raite hiutolea'1I of' thu Vu-1l 13CU10 LWUtt on an asphailt fLi~cfA_
revealed that -the exmposue redc~etion factora (RN 2 values) were 0.20 to
0.27 for nozzle men arxd 0.07 to 0.11 for Lhe Low truýck dxilver, when
reet~rictod to a conoideratiori of just the radliation contributed by tho
contaminated street.

Theo ouperloi'ity of tLbi flare niozzle over the fire nozzle. fi clean-
ing roofa vmn exhibited on aill the materia2.o tested. Isolated execcp,
tions occurred, however.. when aonuntertrng masoB loadinCo of 1.00 Lg/C1l or1
Particle sizes of 300-600 1b. This reflected [.he trend note4 coa-lier' In
the rosulto of the tosts on asphalt.

C ONC jLUS IONS

In g~eneral, it may be concluded for both naphalL ptivemevnt mid
roofing materials that:

1. IErrectivenesE of reclamatlon by firchonitti improves fin stw'Fnno
rouj~lnesa ducreases.

(_31'0=oVv 11) Particl sic zc-r 61Jre )uCW0e, wliiy uIn
the Smaller (88-177 JAt) PartICle DiZs.06

3. Plemoval offluctiveness. improves with offor1t, but (;he i'eahiual
mass is not sipnlificantiy reduced after tho nonond pans.

h. Thle erffct of' Rwise loading, upon fiI'chosiint-: effocti~vocn"s. J:- nomt.
predictable because It varien wdth surfuace votinessa, pm-'liihj size tnun
nozzle design.

During the eni~ineering-.ncale Lotest on at~phalt, the flae to0i1.
failed to exhibit a reclamation perf'ormance Lhot nims consfitlentiyv
;upol- Lot'iv tAo LI- omid nti ritc nzi~e roi- a si gigificant nuMber ot' tlto

combiliation:; _)f mass loading mnd pirticle Si7. ooted.

.~x1YiThe 1fulIL-tcale Ttesu on auLpIhu.t, uilowed that opy~rnt1.onal ('nci.orsi

preovent thle reclkiomni~on offietteflvenes from eve!r equalling that aelutoveui
Cit kil en,;].. Že ii XA sl. - 1n0 1IM10tte how mu1kch e t'f'101t f3 e2XI endW.



t ion L'au~ur ( i{N rur Q w tLJ2 n-In or ttL 9  v~h i~ () Ovk!( I f;A~

t1 11r e z i 0; z I' Ž Ti ; ¾ 'u ..

an a. durnalu. a.- .. 11

hoe Ing L~f a. u* LI he r I loaw I.n~ r~ ""''v " n-' au'e M'Wk

1.. Itvnt~tigat~e IY'&w IbiJ ~tl OC HM ."MM cUr and distr ibuti on of
HIM, flare noz~zles to ru nverantl co.......er. and faicilitttcB located In
potontial fallout~ mreuo

ai. (.1) in~ i'ett, emlo L~ I"N' i',JL fi~are nozzle on roofn rind
'in confined paved nrons ni v A:"* 'to no'. p.at'.t ) to Atc advnntal-c of'
the lo7,' reatch orf LIhc tmc zt"'ar 01" 'jn t u !Fir'1Q

epoxy, for roor onu~ vI.Ltd IiL1"ICU'u', fjt., atr( liikely% Lo' i''cwjj-e rebun
L i s1oon r nFLer Wi r ('01 Lu ninLe by I '~iL.

I.Conldl'"' LeýA: utpin ' All ,1*, it Larlger and m~ore rf nli:
tic scanle. or irind n U"OUALu Weth-KI Fvl or rati-ri olperaL1 totm. 10,111stnenLIv

riozzled WaLur awnnn~i': rp~': n,"uk ]'i'i 1 'n'.u 11L oc L' hos [eWe .e~
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SECTION i

INTRODUCTION

This report describes three separate recl.amation experiments that
employed firehosing us the fallout removal method. Two of the fire-
hosing experiments were on asphalt streets and conclude the test series
started in 1963. * The third experiment involved the reclamation of
roofing materials and is a renewal of earlier Investigations conducted
by this laboratory at San Bruno in 19521 and again at Camp Stoneman in
19562 and 1958.3

1 .1 BACKGROMUD AND JIUSTORY

The work performed in 1963* studied the effects of fallout particle
size, mass loading, effort expended, and removal rate upon the per-
form•nce of firehosizv, on contaminated asphalt streets. The tests
were conducted at an engineering scale; i.e., the test surface was
limited to a short section of street included between the center line
and one curb. Although complete in themselves, these tests did not
reveal the adverse operational effects that could accompany a full-
scale test performed from curb to curb and 200 or 300 ft down the
length of a typical street. Because of the limited scale, it was not
possible to obtain data necessary for deriving exposure reduction
factors (RN2 values) for the firehosing team.

* The results of the 1963 firehosing test series are to be reported in

a forthcoming USNRDL TR by the authors entitled "Removal of Simulated
Fallout From Asphalt Streets by Firehosing Tecluiiques."

**Increased surface area can lead to excessive build-up of accumulatd

contaminant (see Section 2.5.1 b). Increases in the number of reela-
mation personnel usually reduce operational efficiency.



Results from tests at Stoneman I1 3 demonstrated the advantages of
an experimental flare nozzle used in firehooing roofs. This nozzle
provided a flat, fan-shaped stream which was ideal for working at close
range. It proved to be as effective as the standard fire nozzle.
More important, the flare nozzle reqcared about 25 % less water per
square foot of roof surface cleaned and was less fatiguing to ma-
nipulate than the fire nozzle. These two advantages made the flare
nozzle worth considerin, as a tool for the reclmnation of paved
areas.

Although a nutboer of fire. '- 'g tests have been performcd on roofs,
they have been confined largely . only two types of surface - tar and
gravel and composition shingles. In addition, these tests were not
designed to determine the influence of particle size upon firehosing
effectiveness* Thus, knowledge of roof reclamation needed updating in
order to attain a status comparable to that of pavement reclamation.

In the interest of conserving time and making the most of the
available equipment and supplies, a three-phase experimental operation
was planned. Each phase was designed to satisfy one of the afore-
mentioned re quirements.

1. 2 OBJECTIVES

The objectives of the three phases were as follows:

Phase 1. To conduct engineering-scale tests of the NRDL flare
nozzle on asphalt pavement for comparison with previous tests with a
standard fire nozzle.

Phase 2. To observe the operational problems and to record the
exposure rate histories of reclamation crews during the full-scale
firehosirkg tests on asphalt pavement.

Phase 3. To compare tbo cleaning effectiveness of the fire
nozzle and the flare nozzle on selected roofing materials at a limited
engineering scale.

The effects of mass loading and particle size were studied in
connection with each of the three phases.

2



1.3 KCPERIME•WAL APPROACIH AND SCOPE

The three separate experiments were conducted at different scales
of operation. The scope of the tests is shown in Table 1.1, in terms
of tle mass loading used.

TABLE 1. 1

Basic Conditions of Tests

Scale of Test Test Nozzle Nominal Mass Loading (g/ft 2 )
Surface Type Particle Size RaNe e_-_

88-177 i 300-600 P

Engineering Pavement Flare 5,25, & 100 5 & 25
Fall Pavement Fire 25 & 100 5 & 25
Limited Engin- Roofs Flare 12)25,50, & 100 5 & 25
eering and

Fire 12,25,50, & 100 e 2.5

The three scales of experimentation indicated in Table 1.1 are
defined below:

a. Engineering Scale - testing a portion of a target surface that
is less than -000 f£tZ but still large enough to permit the realistic
application of full-sized reclamation equiluent. In this case the test
area comprised a short section of street included between the center
line and one curb. This permitted direct comparison with previous
engineering-scale tests.

b. Full Scale - testing a complete target component sufficiently
greater than 2000 ft 2 to obtain operational information including esti-
mates of recovery crew exposureo The full curb-to-curb width of a
street extending the equivalent of one city block was used.

c. Limited ninring Scale - similar to +Engineering Scale
except that the test surface is limited to 500 ft 2 or less. Only a
fraction of the surfaces for the roof tests was instrumented, since it
was not feasible to construct entire roof sections of each material
tested. (The roof mock-up used is described in Section II.)
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Six of the mass loading and particle size combiuations shown in
Table 1.1 are within the range of' values consistent with Miller's con-
cept of a fallout sealing system.lt Radiologieal conditions correapondý
Ing to these combinations are given in the following table. Ilhese
standard exposure rates, weapon yields, and downwind distances were
derived from the work of Clark and Cobbin (Ref. 5, App. C), which, in
turn, Was an oxtenslon of Miller's fallout model.

Particle Exposure Rate at One Hour (r/iir) Kiloton Miles
Size Nominal Mass Loadi (s (g~ft-2) yield Down-

Range - wind
(W) 5 1 450 100

A 88-177 X - 12,000 (25,o00) (50,000) 25,oo0 90
300-600 700 (1,700) (3,4Oo) X X 100 12

Note: Exposu!We r-ates s-Yrvn in parentheses are the result of multiple
bursts.

The remaining three combinations, indicated by the X's in the a, ve
table, were not derived from Miller's model. They were added arbitra_--
ily to take advantage of open spaces in the weekly schedule.



SECTION II

EXPER4ENTAL PREPARATION AND PROCEDURMS

2.1 DESCRIPTION OF TEST BITES

Different test sites were used for each test* The flare nozzle
was proof-tested on the test strip used in previous firehosing testsa
which were of engineering ocale. In these tests only the asphalt half
of the test strip, from the center line to one curb, was used. The
surface was asphaltic concrete, which hMd an even, coarse-grained tex-
ture. The asphalt test section was 14 ft wide and 95 ft long.

The full-scale test on the reclamation of asphalt pavement by
firethosing was conducted on a section of street 32 ft wide mad 2W0 ft
.Lung- The 'fll width of the street was used from curb to curl). Three-
quarters (214 ft) of the street width along one curb was smoothly tex-
tured, but the remaining quarter (8 ft along the other curb) was
coarse-textured for the entire length of the test section.

The limited engineering-scale teots of the fire and flare nozzles
on rooting materials used the roof mock-up shown in Fig. 2.1. This
mock-up consisted of a plane 12 ft deep and 16 ft wide, with a slope
of 3.5 in./ft. A 4 X 8-ft recess for the various test panels of roof-
ing materials was centered longitudinally in the plane. The surface
surrounding the test panel opening was covered with fiberglass in
which coarse sand was imbedded to make a safe walkway for test person-
nel. Sixteen panels (4 X 8 ft) were employed to test the following
roofing materials: fiberglass, asphaltum) corrugated metal, and compo-
sition shingle.

'Die fiberglass surface was made by imbedding a single layer of
glass fabric in an epoxy resin which formed a ernnanent bond with the
plywood panel. Asphaltum test panels were made by trowelling Lay Kold
Walk-top (a mineral-filled, fibrous, bituminnous compxosItion) onto ply-
wood. The corrugated metal sheet and the heavy-weighbt s*uare-tabbed
composition shingles were applied to the panels with nao:ls In the con-
ventional manner.

5



JP'ig. 2.1 Roof Mock-up Showing 4* x 8-ft ponel of'
COmRPOtItion Shlingles it) Place for Teoting.



2ý 2 FI=EHOSING EQUIijANT

Two ty-pe8 of noz~ie were uped in theae teste. The standard
taper'ed fire nozzle -1/2l/ in.;, with a r5/&-in. boe) ronned a s]ender

cone-ahaPed Streomn of wver aU uoz'1,le Pressures of 60 wid 75 pei ' The
experimental NRDL flare nozzle (1 in., with an elliptical orltftee
3/8 x 9/16 in., FPIg. 2.":) deli-evred a flat, fai~laped stre-am of water
at nozz'le p•resauros of !-)0 aU)d 16D psi.

Tn these tests the noizles were alwvys used with standard Carehos-
Ing euij•tneu.. A fire pump ineiered Ln%¢ the system at the tire hyd-
rant delivered 4.ter tmw'ooh a 9,,i/2-,in. fire hose to a ýrye-gati iL t.he
teat area. r'or the engi !~ere i u and Sded-. _nerin ale tests,
one bratich of the wye gate supplied watler to the nozzle through a
1-1/2-in, fire hose. A by-pass hose connected to the remaining tranch
and valve asseombly at the wye-gate were used to adjust Lhe nozzle pres-
sure and flow rate. i~br t!* ifll scale ts-!te, each branch of the vye
gate supplied water to a 1-1/? In. fire hose. snd adjustments to pres-
sure and flow were Made at the pump.

The follang t1.atle ouw'wkxiir. tht vw.lues of' the hy1•rodynamic
parameters characterizing the two no zzles.

Nozzje Test Noz L.e Noz71e Nozzle Flnw
T'YPe ,urf ace Oritri. e F're --n T-hru st Bate

(pei D(ib)

Standard Pavement, 5 75 7100
Fire Roof . 5./ (8' . ?39

NMDL Pvo,:.mem'H, 3/6 xq 9!6 .6' 46 1
Flare Roof& 3/b X 9/16 36 60

S!!7



Fig. 2.2 NRDL Experimental Flare Nozzle, Showing
Recessed Ellirtical Orifice.
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2.3 SIMUIANT PRODUCTION AND DISPERSAL

The fallout simulant and dispersing equipment were of the type
used in the 1963 tests at Camp Parks (see footnotes on page 1). These
tests used fallout simulant in two particle size ranges (88-177 ; and
300-600 0). The simulant was sieved from conmercial sand, tagged with
the radionuclide Lal40 and sealed against leaching. For further in-
formation on the development of the fallout simulants see Ref. 6.

Uniform mass loadings on all surfaces were achieved by dispersing
the simulant over a known area with a calibrated, hand-operated lawn
spreader. The average mass loading per square foot was calculated
from the actual weight of simulant used in each test.

2.2 RADIATION INSTRUMENTATION

The principal instrument for measuring residual mass loading was
the mobile, shielded and collimated gamna-detector. This field instru-
ment employs a sodium j'^-did scintillation crystal, coupled to a
photoimultiplier tube within a thick lead shield. The detector's physi-
cal characteristics are:

a. Crystal - 1 X 1 in, cylinder approximately 1 meter above the
surface.

b. Lead shield - 4 in. thick with a collimated 1-in. diameter
aperature.

c. Field of view - subtended by a cone having an included angle
of 140.

The standard AN/PDR-27F radiac was used for back-up sui•veys in
case of malfunctioning of the mobile gamma-detector. The radiac also
was used to collect the exposure rate history data of the recovery
crews.

The 4-pi ionization chamber, a stationary laboratory instrmnent,
was used for simulant production control, Details of this and the
above instruments are to be found in Ref. 7.

9



2.5 TEST PROCEDURES

2.5.1 General Sequence of Operation

A typical test was carried out in the following sequence. The
test area (whether pavement or roof) was thoroughlv flushed of all
residue from previous tests and then allowed to dry. The residu-..
background radiation level was measured. Fallout simulant at a selec-
ted mass loading and particle size range was dispersed over the test
area and initial radiation measurements were made. The firehosing
operation was performed as detailed later in this section, and the re-
sidual radiation was measured. These radiation measurements were re-
peated after each additional firehosing pass. All surveys of asphalt
test areas were made with the two kinds of detectors, the shielded
detector and the radiac at the survey stations shown in Figs. 2.3 and
2.4. Roof surfaces were surveyed with the shielded detector only at
two stations, one in each half of the test panel.

2.5.2 Firehosing Pavement

The previously proven frontal-sweeping hosing tecbnique*wis
employed during both phases of the experiments on asphalt paving.
Starting at end of the test, strip fire nozzles were played back
and forth between the side lines as the firehosing team moved toward
the other end. Each test consisted of two or three passes. The'visu-
ally controlled rate of firehosing was used in these tests. In other
words, forward progress was governed by the rate at which the loosened
fallout sinralant appeared to move down course ahead of the water stream.

a. Testing the Flare Nozzle

These tests were performed at an engineering scale on the
asphalt test strip. The frontal-sweeping firehosing technique was used.
The flare nozzle was operated at a nozzle pressure of 160 psi, from a
height of 40 in. and at specified ranges in the interval 5 to 15 ft.

b. Full-Scale Firehosing Tests

The full-scale reclamation 6f an asphalt street by firehosing,
with a standard fire nozzle, was an extension of the 1963 engineering-
scale tests. The basic frontal-sweeping technique mentioned above was
used. The fire, nozzle was operated at a nozzle pressure of 75 psi,
from a height of 40 in. and at ranges of 20 to 25 ft. •'or the full
width street a two-nozzle double-crew procedure was employed. Two
* Described in reference given in footnote on page 1.
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STATIONS 1-9 AND 11-19 ON 10 FT CENTERS

CURB LINE DOWN SLOPE
4 , .o•l 0)2 30) 0 .8 09

5 14'2"
110 - 0 12 ()1? 0I0 190I0---• I5' CEN'TER LINE OF,,T E " '-

IN ,.~STREET

__- 95]

Fig. 2.3 Layout of Asphalt Test Area for Engineering-Scale Tests
of Flare Nozzle, Showin.g Survey Stations.

STATIONS 1-14 AND 21-34 ON 20 FT CENTERS

NORTH CURB LINE DOWN SLOPE

021 022 32 0

CENTER LINE Of STREET __ I A.. -. ' 32,

o-~ o ~13 140I
02 0 0

SOUTH ,CURB LINE

280' .1

Fig. 2.4 Layout of Asphalt Test Area for Full-Scale Test of Fire

Nozzle, Showing Survey Stations.
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firehosing teams advanced side by side down the street, cleaning it at
the visually controlled rate. A pick-up truck towed the wye-gate and
heavy 2-/2-in. firehose to reduce the number of men required to support
the nozzle operators, Fig. 2.5. Three firehosing passes were made in
each test. The exposure rate histories of the crew members were collec-
ted with radiacs during the first pass only.

When a mass loading of 100 g/ft2 was spread, the increased weight
of simutlant called for a change in firehosing procedure. Because of
the accelerated mass build-up of simulant in front of the water streams,
the cleaning rate would have been drastically reduced during the latter
half of the first pass. Therefore, the firehosing teams deposited the
contaminant collected from the first half of the test strip at a point
near one curb and midway between the ends of the test strip (see Fig.
2.6). The team then continued hosing the remaining half and pushed the
resultant accumulation off the end of the strip. These deposits were
shoveled into an end loader and removed to the waste pit prior to the
second and third firehosing pass. The latter were performed in the
usual manner described earlier in this section.

2.5.3 Pirehosing Roofing Materials

The firehosing procedure for roofs was a little different from
that for pavements. Lover nozzle pressures (fire nozzle, 60 psi; and
flare nozzle, 120 psi) were used for the safety of the nozzleman.
Shorter stream ranges were used for the fire nozzle. The test procedure
sequence was as follows:

a. The roof mock-up (test plane and roof panel) was flushed of
all residue from previous tests and allowed to dry.

b. The test panel was placed under the shielded detector and
the residual background radiation level of the panel was measured. Two
1-min counts were made on each half of the test panel.

c. The panel was repositioned in the roof plane recess and the
entire surface was contaminated with a selected mass loading and particle
size range4

d. The panel was carefully removed, counted under the shielded
detector, and repositioned in the test roof plane.

e. The roof panel and plane assembly were firehosed from the
peak to the eaves at the visually controlled rate.

f. The panel was removed, counted, and repositioned for the
next firehosing pass.

Usually three firehosing passes were made. During firehosing
operations, only one man (the nozzle operator) was required on the roof.
The rest of the team stood by to regulate the water pressure and to
handle and survey the test panel.

• • , l i ! d w , . _1!



Fig. 2.5 Full-Scale Firehosing - Double Crew Procedure,Utilizing Vehicle for Dragging heavy 2-1/2-in. Firehose.



Fig. 2.6 Collection of Displaced Simulant Near M~d
Point of Curb During the 1st Pass of the 100 g/ft
Mass Loading Test.



2.5.-4 Procedure

Radiation measurements were taken periodically during all test
rus to determine background radiation level, initial radiation level,
and the residual radiation level after each hosing pass. The mobile
detector routine for each instrument pass was as follows:

a. Instrument response was determined by counting a Co60 radi-
ation standard in a low background area.

b. At each survey station two 1-min counts weremade and recorded.
c. The instrument was again checked with the Co") standard.

The routine for the 27-F radiac was much simpler. The radiac
response was checked with a Co&O standard before and after each day's
tests. The measurements at each survey station were made at 1 meter
above the surface.

Time and motion studies were made to obtain cleaning rate,
effort, and exposure rate histories for all four full scale recovery
tests. The exposure rate histories of the two nozzlemen and the tow
operator were obtained during the first Cirehosing pass of each test
(see Figs. 3.5-3.8). Exposure rates were taken with a 27-F radiac at
one meter above the street surface near the nozzlemen and inside the
cab at seat level near the tow truck operator. The measurements were
made every 30 to 60 sec., and the times were recorded to complete the
history.

15



SECTTON III

RESUMLS AND DISCUSSION

The reduced data from all of the firehosing performance tests
are presented in sixteen self-explanatory tables in Appendix A. This
information has been condensed from raw data obtained by the shielded
gamma-detector surveys and the time and motion studies. The test re-
sults are best portrayed by the reclamation performance curves plotted
directly from the tabular data. It should be pointed out that while
data points are connected by straight lines this does not necessarily
indicate the path between any two successive points.

3.1 TESTING THE FARE NOZZLE ON ASPILAT PAVEMENT

In order to compare performances, the flare nozzle was tested
against all the s~me combinations of particle size and mass loading
previously used with the fire nozzle. The reduced test data are com-
piled in Table A.l. Table A.2 contains results from the 1963 tests
(referred to ou page 1) for the 1-1/2-in, fire nozzle on asphalt pave-
ment. Figures 3.1 and 3.2 contain ten performance curves grouped
according to particle size range. They show the residual manees, M, as
a function of effort, E, for each test.

A comparison of the current tests with the 1963 results shows that
for particle size range 88-177 ýtthe flare nozzle was more effective
than the fire nozzle at mass loadings less than 100 g/ft 2 . For the
same particle size range the fire nozzle was more effective against the
heavier mass loading of 100 g/ft2. At the larger particle size range
of 300-600 4 the fire nozzle was superio% against the 5-g/ft 2 mass load-
ing, but its performance against P5 g/ft- was indistinguishable from
that of the flare nozzle.

According to the converging behavior of the solid curves in Fig.
3.1, mass loading has little eff'ect on the performanoe of the fire
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nozzle wohen particle size is small. Thhe carves for the flare nozzle
indicate that, in general, high residual mass is associated with high
initial mass loading, although curves for the 5 and 25 g/ft 2 mte load-
ings converge. According to Fig. 3.2 this also appears to be the case
for both nozzles when particle size is large. Comparing the fire nozzle
curves of Pig. 3 1 and 3.2 it is also apparent that, for mass loadings
less than 100 g/ift 2 , the fire nozzle removes the larger particles more
readily than the smaller ones. In the case of the flare nozzle, the
influence of particle size is not nearly so evident.

3.2 FULL-SCAIE RECOMY OF AS•HALT PAVEMENT BY FTEHOSING

Four firehosing tooto were conducted at Nu11 scale to determine
the influence of operational factors on removal effectiveness and to
obtain exposure-rate histories of hosing crews.

3-2-1 Removal Effectiveness,

Mie reduced test data are compiled in Tables A.3 and A.4 for
smooth arA rough surfaces, respectively. They are plotted in eight
performance curves (kigs. 3.3 mid 3.4) of residual mass, M, versus
effort, E, for each test.

-Both these families of curves are quite similar in that each
reflects the finding noted above for mass loading effects. That ij,
mass loading influences fire nozzle performanee only when particle size
is large. It is Imediately obvious, from comparing the tWo families
of curves, that the smoothly textured asphalU is cleaned more effec.-
tively than the rougher surface. A comparison of tbe residual fractions
in Tables A.3 and A.4 showa that these relative effectivenesses differ
by factors of 2 or 3. The .ilckly decreasing slope in all the cuw.ves
indicates that anw gain in effectiveness after two passes does not.
warrant the added effort.

The relative location of the tvo pairs of curves plotted for a
mass loading of 25 g/ftL shows that the larger particles are moret
easily removed than the smaller ones. This coincides with results 8f
previous wet method tests Including firehosing and street flushing,

Probably the most importtant finding of these tests. is disclosed
when the engineering-scale and fpel-eKa~ performances of the fire
nozzle are compared for asphalt pavement having rough textured surfaces.
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This is possible by noting the relative location of the fire nozzle
curves in Figs. 3,1, 3.2 and 3.k. Such a comparison shows that, in
general, the reclamation effectiveness at an engineering scale is an
order of magnitude better than that achieved at full scale. In other
word3, the introduction of more realistic conditions involving increased
equipment and operators prevents the effectiveness of full-scale tests
from equalling that of smaller engineering-scale tests - no matter how
much effort :' %, invested. This points up the need for either extending
reclamation jtudies to include full-scale tests of a number of methods
and equipment not yet tested beyond the engineering scale or estimating
the decreased effectiveness expected of full-scale reclamation.

3.2.2 RecoveEr Ilxposure

The planning of recovery operations requires estimating the ex-
posure which recovery crews are expected to receive. These full-scale
tests afforded an opportunity to estimate the exposure to firehosing
teams and derive exposure reduction factors.

Exposure Reduction Factor, RN2. A suitable formula for calcula-
ting recovery crew exposure has been available for some time3.* It is
given in the simple form

D'= RN 2 D (1)

where D2' is the actual recovery crew expcrsureo
D2 is the potential exposure during the reclamation period, if

the original field were unaffected by the reclamation effort.
RN2 iS the exposure reduction factor.

By rearranging terms, a convenient working equation can be written
which shows how RN2 values are estimated from experimental results.

D' (It ;)

tbvr product I.Pt3 represents the area of an incremental strip under an
operator exposure-rate history curve (refer to Fig. 3.5). 10 is the
average initial exposure rate in the contamninated area, and t is the
total time of the recovery operation. Experimental values of I0 are

*The derivation is given in Ref. 9. Experimental applications are
shown in Refs. 6 and 7.



obtained from survey readings taken along the path a given operator is
expected to take through the contaminated area. When this path cannot
be reasonable predicted, 10 is calculated from a grid survey of the
complete area. In the case of firehosing isolated areas (as in these
full scale tests), team members will never be subjected to Io. The
bulk of the fallout simulant continuously recedes along a front located
20 to 30 ft away from the nozzle operator. Therefore, the firehosing
team is never exposed to a radiation dose rate equal to Io. In a real
fallout situation, nowevers the contributions from contaminated sur-
roundings could offset any gains resulting from the reduction of an Io
in an isolated area due to firehosing (or any other method). Refs. 4,
6 and 9 treat these more complex radiological situations in considerable
detail.

Exposure Rate History. In order to obtain values for the numerator
of Eq. 2, exposure rate histories were taken of all four fullscale fire-
hosing tests. Frequent measurements were made of the changing gamma
exposure rate with 27-F radiacs close to each nozzleman and the tow truck
operator during the lO-to-14 min timi interval. These exposure rate
history plots are presented in Figs. 3.5 through 3.8, and the results
are summarized in Table 3.1.

Table 3.1 is a solution to Eq. 2 ini terms of RN values for the
various starting conditions and tasks. Comparing the results associated
with the nozzlemen, the RN2 values identified with the rough and smooth
surfaces differ by an amount ranging from 9 to 23 %. However, there are
no apparent trends in the RN2 value attributable to surface texture.
Furthermore, neither particle size range nor mass loading has any marked
effect upon the magnitude of the exposure reduction factor for either
the nozzleman or the tow truck operator.

Each set of exposure rate history curves in Fig. 3-5, 3.6 and 3.7
exhibit the same characteristic shapes and relative orientation among
the curves. Fig. 3.8 shows a severe departure from this pattern as
evidenced in the sharp peaks in all three history curves. These in-
creases in exposure rate are due to the heavy accumulation of simulant
deposited midway through the test as explained in Section 2-5.2b. Thus,
heavy mess loadirgs (such as the 100 g/ft 2 concentration) can be ex-
pected to cause peaks in exposure rate histories.

This does not necessarily imply that resulv ant Ni2 factors will
increase. For the test in question MN2 factors for the nozzlemen are
near the average values shown at the bottom of Table 3.1. On the other
hand the RN value for the tow truck operator is the largest among the
four tests (30% greater than the average). Due to vehicular shielding,
RN2 values tor tow truck operators are 1/4 to 1/2 that oC the nozzlemen.
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Fig. 3.5 Exposure Rate History for Recovery of Asphalt Pavement by
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Fig. 3.6 Exposure Rate History for Recovery of Asphalt Pavement by
virehosing; Full Scale Test, 300-600P, 24.24 g/ft2 .
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one being reclaimed would continue to contribute to the crew exposure

until the entire recovery operation was completed.

3.3 FIREHOSING OF ROOFING MATERIALS

These tests compare the reclamation effectiveness of the fire and
flare nozzles on the following roofing materials: composition shingle,
corrugated metal, fiberglass, and asphaltum. The reduced data are com-
piled in Tables A.5-A.16 and are plotted as performance curves in Figs.
3.9-3.26, showing residual mass as a function of effort.

3.3.1 Effects of NozzleDesign and Roofing Material

The effects of nozzle design and roofing material on reclamation
by firehosing are shown in Figs. 3.9-3.16 for particle size range 88-
177 g. Figures 3.17-3.20 show these same effects for paxticle size
range 300-600 I. Generallyp the curves were consistently paired accord-
ing to nozzle design with the flare nozzle being more effective than
the fire nozzle. Two exceptions occur in Figs. 3.16 and 3.20 for cor-
rugated metal where the difference in performance due to nozzle design
is not significant.

From the consistent spacing between the appropriate curves from
each pair of figures it is obvious that removal effectiveness is a
direct Aunction of surface roughness. Therefore the roofing materials
may be ranked in order of decreasing effectiveness according to their
increasing surface roughness: (1) fiberglass, (2) asphaltum, (3) cor-
rugated metal, and (4) composition shingle. An exception to this rank-
ing is depicted in Fig. 3.10 when fiberglass appeared to be no better
than composition shingle. lIowever, it was discovered that the panel
used in this test was not completely cured. As a result some simulant
became permanently imbedded in the epoxy layer softened by the heat of
the sun. This would not have happened if the epoxy had been mixed in
the correct proportions.

The adhesion of the asphaltum to the smooth plywood surface was
so poor that the force of the fire nozzle stream eventually ruined the
panels. This resulted in a loss of some data points - in particular
see odd-numbered Figs. 3.11 through 3.17 inclusive. If this material
would adhere tightly to an unfinished surface it would be almost as
easy to clean as fiberglass and much easier and more economical to
appaY.
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Yt vlll be noted in Pig. 3..0, 3.,1. 3.13, 3-17 and 3.-18 that there
are five curves exhibiting a positive slope after the first pass. This
revernal in slope occurs only for those combinationtj of nozzle design and
roofing material that result in maximum removal effectiveneaos For this
reason none of these curves involve the fire nozzle or composition
shingles.•

Because each of the curves in question changes slope at very low
values of residual mass (0,15 g/ft2 or less) and, hence, at proportion-
ately low counting rates, it is suspected that the shiolded detector war
operating in a region approachig its lower limit of counting reliability.
The fact that at least four other curves (see Fig. 3.9, 3.12, 3.19 and
3.20), based On data obtained in comparably low coxuting regions, exhibit
negative slopes in no wise weakens ouch a conclusion. Thi io preciaeey
the random results to be expected when counting reliability becomes
marginal.

Because the slope reversal of the curves might also be carload by
the statistical uncertainty in the data points, the etandard deviations
of the residual masses were estimated for all the curves cited. In five
cases the deviations were large enough to permit a change in slope. That
is: the three curves in Figs. 3.10, 3.11 and 3.17 could have been nega-
tive, and the two in Figs, 3.19 and 3.20 positive. However, this does
not apply to the remaining "our curves. The positive slopes of the two
curves in Fig. 3.13 and 3118, therefore, must be blamed on low counting
reliability.
3.3.2 Mass Loadin and PNrticle Size Effecto

The effects of mass loading and particle size on nozzle perform-
ance are illustrated by the. performance curves in "igs. 3.P1-3.26. These
figures arc arranged by surface material and piired to show dirferences
due to nozzle design.

A cursory examination of these curves reveals two consistent trends
that are generally true for the three roofing materials represented.
First, the flare nozzle is more effective than the fire nozzlep especiall'y
when encountering the orller particle size range (88-177 it) at mass load-
ings less than 100 g/ft . Second, performance curves for the 88-177 P
size range tend to reach what appears to be a minimum residual level after
three passes. In most of these cases, the additional effort required is
not justified by the small decrease in residutl mass achieved by the
third pass.

No general statements can be made concerning the influence of
particle size upon hosing effectiveness, since only one mass loading
(25 g/ft 2 ) was tested for both size ranges. However, for this one value,
all the performance curves from Fig. 3.23. to 3.26 show that the larger
300-(60 tp pal-ticles were more effectively removed by either nozzle.
This is consistent with the findings from the tests on asphalt streets.
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The effects of mrr, loading on the fLirehosting performance vtaried
according to saltface roughueo., particle size and nozzle design. For
the larer 300-600 I.t size range, nmtso loading showed little influence oil
hooning perforiaance except in two caseS. 'Thesoe re evident in F"igs. 3.24
and 3.25 involving the flare nozzle on Corr-ugated metal aWiX the fLire
nozzle Oi comiposition nhingl2lso.'The generous separation between paired
curvoe shows that the 5 jit't1 mass .loadinG was cousiistently cleaned iuore
effectiveLy- than the 25 g/fpt 2 ,si loadii.ng at all hosing passes.

',Die va'ried effects of mans loadiong oil tle small 88-177 1. size
range are evident for two of the three roof mn~aterialsu:

Fiber' ass. In the case of fiberglass, Fig. 3.21 demonstrates
clearly by the superpooitlbon of the fire nozzle eturves that mass loaJ!ng
how no eff'ect on residual mass. The lack of date points in Fig. 3.2
does not allow for any related conclusions on the part of flare nozzle
Performance.

Corrugated Metal. Figures 3.23 and 3.211 indicate a definite
correlation between initial and residual mass at the 83-177 it size
range. The fire tozzle curves (Fig. 3.23) pair up so that small mass
loadings of 25 g/ft 2 And less alia~ys exhibit lower residual mass values
thba do mass loadingo of 50 giftt anud greater. An even stronger rela-
tionship between initial and reoiidual mass is shown in Fig. 3 ..2 for
the flare nozzle by the sequential spacing of the perforiwauce curves.

C omposition Shingle. The fire nozzle performance curves are
shown in Fig. 1.29. rio•, pa.. 1 C1 , '-e e ...,-.. V j,, , . J...

cur(vew do inot seent to fall in a consistent relation to eaci, other that can
be explained by the initial nmass loadliog. The mixed re.ationship of the
cuiven way be due to deposition of some simulont tinder the shingle labs.
This in known to happen but only in a non-uniform and highly kinIredictable
manner. The flare nozzle c'rveci ill Fig. 3.3-6 are arranged in such a way
tha't no mjoto loadipg ef iects are evident; over tho range of initial values
from 12 to 50 g/ft . From the relation of the three superimposed curves
to the one upjpermost in Fig. 3.26, it is •pparent that resldual values
associatcd with mass loadings of ..00 g/ft - tre consistently greater than
for thoose attributied to smcltler nitas3 l.oadings.

It should be Po:in1ed, out that, wi. th AVeW exceptionls, 41. the re-
marks concerning removal. oef.ectiveness have been inass-orienlted. 111at is,
comparisons have been made with respect to residual rulss. The -ltter is
a meas'ue of absolute effectiveness and was best suited to the purposes
of this reporlt. For operating manuals, however, the residual fraction
(F) is preferred. F is the ratio of the residual mass to the initial
iass and, therefore, Is a measurc of r'elative ef'fectivenesn This quaon-
tity has been reported (along -ith r0'Eidual laSs) i.l the ltables of
Appeiid.:x A.
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SECTION IV

CONCOUSIONS

In general, it may be concluded for both asphalt pavements and
roofing materials that:

1. Effectiveness of reclamation by firehosing improves as sur-
face roughness decreases.

2. Larger (300600 g) particle sizes are more easily removed
than the smaller (88-177 P) particle sizes.

3. Removal effectiveness improves with effort, but the residual
mass is not significantly reduced after the second pass.

-. The effect of mass loading upon fLirehosing effectiveness is
not predictable because it varies with surface roughness, particle size
and nozzle design.

During the engineering-scale tests on asphalt, the flare nozzle
failed to exhibit a reclamation performance that was consistently
superior to the standard fire nozzle for a cignificant number of the
combinations of mass loading aid particle size tested.

The full-scale tests on asphalt showed that operational factors
prevent the reclamation effectIveness from ever equaling that achieved
at an engineering scale - no matter how much effort is expended. From
the exposure rate histories it was found that the exposure reduction
factor (lIN2) for either the nozzle man or the vehicle operator is
not significantly influenced by pavement surface roughness, fallout
Iarticle size or mass loading.

The roof firehosing tests demonstrated the superiority of the
flare nozzle as a reclamation tool. Fiberglass showed great potential
as a durable, easy-to-clean roofing material.
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SECTION V

1IECOMMNDATIONS

Fnom the results wid conclusions obtained in the series of fire-
hosing tests, the following recommendations are made.

1. Investigate feasibility of manufacture and distribution of
NRDL flare nozzles to recoverable communities and feaAlities located in
potential fallouat areas.

2. If (1) is feasible, employ the NRDL flare nozzle on roofs and
in confined paved areas where it is not possible to take advantage of
the long reach of the water stream characteristic of fire nozzles.

3. Consider the use of smoother surfaces, such as fiberglass-
epoxy, for roofs on vital Etructures that are likely to require recla-
mat.ion soon after being contaiinated by fallout.

4. Conduct tests oti roofing materials a'. a largre," and more reaiAX6-

tic scale, or find a suitable method for making operational adjustments
to the limited-scale test results. Include the technique of lobbing
nozzled water streams from griound level as part of these t.ests.
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APPN@,DIX A

REDUCED TEST DATA

All the foregol.,n £ivel jjii xvformance eurveu wer. plotted from
the data contained in Tables A.1 through A.16. The avercige initial
mass loadings shown in these tables were calculated from tlk actual
weight of material dispersed, Initial radiation and residual radiation
values represent the averages of all survey stations for a given test
area. The number of stations for each of the three experiments perfor-
med were: engineering scale - 18, full scale - 34, and roof panels - 2.
Average counts were normalized to a Co60 standard, decayed to an arbit;-
rary sero tUnc, and corrected for background. Prom these corroctad
counts mid the known mass loading it was possible to derive the averase
residual mass and average residual fraction. For detailed explanation
see Ref. 7, App. D.

It should be noted that two one-minute counit were taken at each
station to guard against the collection of erroneous readings. The rate
and effort values in the last two colu.mis of the tables were calculated
Al J .'U E~i I.l1k .ill 111 til t llvi, iOu 5 L• U 3.t l !U, -t

Standaml deviations in the resdtidal mass values viinged i'f'om t .1 to
t 36 percent. An approximate value of t i- % may be taken 00 estimated
average deviation.
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TALIE A. 2

Engineering-Scale Performance Test Results for Fire Nozzle on Rough
Asphalt Pavement (Extracted from 1963 firehosing test results)

Average Pass Average Average Rate of Cumulative Effort
Initial No. Residual Residual Removal E
Mass Mass Fraction 11 ( K.n

M ( F (ft 2 /min) Noz
(g/ft 2 ) (g/'t) io3 ft2

Particle Size R~ane, 88-177 V

3.76 1 0.63 0.169 484 2.07
2 o.4o o.1io6 559 3.86

24.2 1 0.56 0.023 418 2.39
2 0.34 0.014 496 4.41

102.5 1 0.71 0.007 346 2.89
2 0.16 0.001 430 5.21

Particle Size Range, 300-600 g

4o09 1 o.o4 0.009 462 :2 16
2 0.02 o.o06 665 3.67

23.4 1 0.26 0.011 451 2.22
2 .8 0.003 596 0 3689
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II. SUPPL EMIENTAAY NOTES 12, SPONSOnING MIlITAny ACTIVITY

Office of Civil Defense
Washington) D.C. 20310

13.-AISTACT'ihis report describes three separate firehosing experiments. Each em-

ployed radio-traced sinlulant in order to measure removal effectiveness. Two
of the experlments., which were conducted on asphalt streets, concluded tile test
series started in 1963. The first experiment investigated the feasibility of
the DL flare nozzle as a reclamation tool frT paved m.Drfces. l, --)econd
periment consisted of the DAii scale rec11ulaUi.on of a street area. This pro-
vided operational data and fi rehose -crew exposure-rate histories. Tile third
experiment, which involved the reclamation of roof surfaces, wan a renewal of
earlier work performed by this laboratory between 1952 and 1958. New roofing

From these three experiments it was concluded thlat;

1. Effectiveness of reclwiation by firehosing improves as surface rough-
A• ness decreases and particle size increases,

2. Removal effectiveness improves with effort, but the residual nmass is
not signifi.cantJy reduced after the second pass.

3. The flare nozzle is consistently more effective than the fire nozzle
in cleaning roof surfaces. TI:Ls is not the case for paved surfaces.

It. ReHu lts from full scale tests show that the removal effectiveness can
never equal,. that achieved wuder the lens realistic operating conditions repre-
sented by smaller engineering-scale I eats.

5. RN2 exposure reduction factors are not significtuit.l)y affected by
surface roughhessp particle size or mass loading.
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